We have developed novel implantable Doppler microprobes to monitor beat-by-beat stroke volume and cardiac output (CO) after cardiac surgery. In 11 adults undergoing either coronary artery bypass grafting (n 6) or valve replacement (n 5), Doppler microprobes were implanted on the as cending aorta or the main pulmonary artery to measure aortic blood flow (ABF) or pulmonary artery blood flow (PBF). The diameters of both vessels were determined before surgery using two-dimensional echocardiography. respectively, at 7.5 @g/kg/min). We conclude that implanted aortic Doppler microprobes provide a sensitive and reliable method to measure aortic blood flow velocity after surgery and then allow monitoring of stroke volume and CO and analysis of left ventricular function after cardiac surgery@ (Chest 1992; 102:380-86 
cending aorta or the main pulmonary artery to measure aortic blood flow (ABF) or pulmonary artery blood flow (PBF). The diameters of both vessels were determined before surgery using two-dimensional echocardiography.
Stroke volume was obtained from velocity tracings meas
ured by a 4-MHz zero-crossing pulsed Doppler flowmeter. 
Implantation ofthe Probe
At the end ofeach surgical procedure, the microprobe was affixed to the adventitia of the aorta or the main pulmonary artery 1 cm above the aortic or pulmonary annulus. Four 7.0 sutures were placed on either side of the probe passing through its siliconized envelope. When the best audio and visual signals were obtained, the probes were secured. The connecting tube was externalized through a drain. Six days after surgery, the probe was removed by gentle traction without causing injury to any patient.
The Ranged Gated Doppler Flowmeter
A zero-crossing pulsed Doppler flowmeter was used for the aortic and pulmonary arterial measurements. The device has been previ ously described and validated.@-'Â°@Â°This apparatus operates at an ultrasound frequency of 4 M Hz with an emission duration ranging from 0.5-p.s to 2-p.s and a repetition rate of 10 kHz, allowing velocity measurements up to 1.9 m/s at an incidence angle of 60Â°.
In addition to pulsed emission, this apparatus has an adjustable range gating system which permits selecting the time delay from 
Blood Flow Measurement
To compute blood flow, the following parameters are needed ( The transducer was then angulated medially or laterally until the main pulmonary artery was imaged in cross section. We obtained pulmonary artery diameter measurements during early to midsystole using frame-by-frame videoanalysis of the M-mode echocardiogram.
Pulmonary artery diameter was measured at midsystole between Table 1 . Eleven patients (mean age, 50Â±10 yr [ Â± SD]) were studied. Six had coronary bypass surgery, and a microprobe was implanted on the ascending aorta; five had cardiac valve replacement, and a microprobe was implanted on the main pulmonary artery. We excluded patients with a preoperative left ventricular ejection fraction below 45 percent or postoperative arrhythmias.
Description ofthe Flow Probe
The principle and design of the pulsed Doppler microprobe are similar to the one previously reported for coronary flow measure ments (Fig 1) .@For flow measurements, we used a 4-MHz piezoelec tric crystal (Sonox P4; Rosenthal, Paris) furnished as a disk 5 mm in diameter and 0.25 mm thick. Two bared copper electrodes were soldered onto one side of the crystal with insulated copper leads 80 cm long. A silicone prism supported the crystal and was cut so the angle between the ultrasonic beam and the vessel axis was 60Â°.
The crystal and its connections were protected by silicone to dampen ultrasonic back radiation. The dimensions of the probe were 6 mm in width and 7 mm in length, and its shape was oblong to facilitate removal. The thickness of silicone rubber between the crystal and the vessel wall averaged 2 mm. For each probe the linearity of maximum detectable velocity was tested in vitro, and we verified that 1 kHz of Doppler shift corresponded to a velocity of38 cm/s at the incidence angle of 60Â°.
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Statistical Analysis
The ABF and PBF were compared to TDCO by linear regression analysis using least squares. (Fig 4) .
Pulmonary Artery Measurements
The mean pulmonary artery diameter measured by Velocity Measurements. In this study, we assumed that the systolic profile of velocity was constant across the vessel. This assumption is consistent in the aorta with both theory (because blood accelerates from the left ventricle to the narrow aorta) and experimental results)2@ Lucas et al@ have shown in the canine ascending aorta that the best fit for anteropostenor phasic velocity lines is a straight line. Our probes were fixed upstream of aortic anastomoses in patients with coronary artery bypass, avoiding the problem of Although pulmonary blood flow measured by this technique was not accurate enough, it represents a good way requiring more refinements. The main pulmonary section should be accurately measured or derived from another technique or computation. As sumptions on flow patterns as the velocity profile should be verified before the technique is validated.
